PATENT ABSTRACTS OF JAPAN 



( 1 1 publication number : 04-205776 
(43)Date of publication of application : 27.07.1992 



(5I)Int.CI. 


- — — - - 


G11B 25/04 
G11B 23/03 


~ " " - 


i 

(2! Application number : 


02-325646 


(71 )Applicant : 


HITACHI LTD 


(22)Date of filing : 


29.11.1990 


(72)Inventor : 


TAKATSUKA AKIO 






AMANO HIDEAKI 








NAKAMURA SHIGEO 



(54) MAGNETIC DISK DEVICE 

(57)Abstract: 

PURPOSE: To prevent trouble following speeding-up of the rotation of a 
disk by fitting plural kinds of magnetic disks all at the same pitch (height) 
and enabling recording and reproducing any of the disks without changing 
the pitch (height). 

CONSTITUTION: The disks 8-10 are layered via spacers around a spindle 
motor 4 and tightened by a clamp 1 1 . The disks 8-10 can be fitted 
alternately with their different diameters. One end of an integrated carriage 
6 made of an Al alloy is bonded with a magnetic head 7, and the other end 
part on the other side is fitted with a coil 5, and then the carriage 6 can be 
rotatively oscillated around a shaft 12. Provided that a disk having a 
diameter of 5.25 inches is reduced in thickness tl to be 1.27mm, the life of 
a bearing is extended as a result of its weight decrease. Then, motor 
rotation start-up characteristics, external vibration proof and external 
impact resisting characteristics can be improved, and undesired trouble 
following the high speed rotation can be evaded. 
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SPECIFICATION 

1. Title of the Invention 

Magnetic Disk Device 

2. Claims 

1. A magnetic disk device having a spindle device which drives 
to rotate plural magnetic disks which are stacked at a specified 
pitch, a magnetic head device which floats above the magnetic 
disk surface and performs recording or reproduction, and a case 
which houses the spindle device and the magnetic head device, 
wherein it is constituted such that plural kinds of magnetic 
disks having different diameters but same thickness are used as 
said magnetic disks, said spindle device attaches said plural 
kinds of magnetic disks all at the same pitch, and said magnetic 
head device is capable of recording and reproduction without 
changing the pitch for any of said plural kinds of magnetic 
disks . 

2. The magnetic disk device recited in claim 1, wherein said 
plural kinds of magnetic disks include those having 5.25 inch 
diameter and those having 3.5 inch diameter, and all have 
thickness set to the same value within a range of 1.27mm to less 
than 1.905mm. 

3. The magnetic disk device recited in claim 1, wherein it is 
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constituted such that all of said plural kinds of magnetic disks 
have the same storage capacity. 

4. The magnetic disk device recited in claim 3, wherein it is 
constituted such that all kinds of said plural kinds of magnetic 
disks have the same storage capacity by setting the track density 
in inverse proportion to the width in the radial direction of the 
data storage area. 

5. The magnetic disk device recited in claim 3, wherein it is 
constituted such that all kinds of said plural kinds of magnetic 
disks have the same storage capacity by setting the recording 
density in the track length direction in inverse proportion to 
the width in the radial direction of the data storage area. 

3. Detailed Explanation of the Invention 
(Field of Use in the Industry) 

The present invention pertains to a magnetic disk device 

/2 

having stacked magnetic disks, and in particular, it relates to a 
magnetic disk device that is made such that high-speed rotation 
is performed well by making the magnetic disks lightweight, and 
high-speed access is performed by making the integrated carriage 
with magnetic head arm lightweight. 
(Prior Art) 

In the magnetic disk device of the past, for example as 
published in the specification of USP 4,796,122, the head part is 
constituted by a so-called integrated carriage in which the head 
arm and the carriage are integrally formed, and the disk drive 
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part is of a structure in which nine magnetic disks are mounted 
on a spindle motor having an in-hub structure (structure in which 
the magnet, stator, and coil of the magnetic disk drive motor are 
packaged inside a cylindrical part which stacks and attaches the 
magnetic disks) and are clamped from above, and in particular, 
the concept of reducing the thickness of the magnetic disks to 
make them lightweight for the purpose of speeding up rotation is 
not touched upon. 

Also, as the magnetic disks which are used in such stacked 
type hard magnetic disk devices, those which are called 5 inch 
type and have 1 30mm ( 5.25 inch) outer diameter, 40mm inner 

7 

diameter, and 1.905mm thickness have been used from the past, but 
most recently, those which are called 3.5 inch type and have 95mm 
(3.5 inch) outer diameter, 25mm inner diameter, and 1.27mm 
thickness have come to be used. (Below, magnetic disks are 
called "disks," those which have 5.25 inch outer diameter are 
called "5.25 inch size disks," and those which have 3.5-inch 
outer diameter are called 3.5 inch size disks.") However, 
between 5.25 inch size disks and 3.5 inch size disks, the 
thickness is different as noted above, and consequent to that, 
the height (pitch) of the respective disks which are stacked on 
the spindle device in the magnetic disk device, and the height 
(pitch) of the corresponding magnetic heads, also are different. 
(Problems the Invention Attempts to Solve) 

The above prior art has not considered as far as the 
problems caused by the thickness and the weight of the disks, 
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namely, the minimum rigidity of the disks which is necessary for 
characteristics, the allowable amount of deformation of the disks 
due to clamping, the external vibration-proof /external impact 
resistance characteristics related to the total weight of the 
disks supported by the motor bearing with respect to the speeding 
up of rotation (meaning amount of deformation of the disks and 
damage to the motor bearing when external vibration and external 
shock are applied to the entire device. In this case, the 
proportions of amount of deformation and amount of damage to the 
bearing are represented as %. This value becomes smaller with 
respect to the external vibration and impact as the weight 
becomes lighter at the same amount of acceleration .) , and 
optimization of the lifetime of the bearing (achieving 
lengthening of lifetime, giving a margin to the necessary 
lifetime as a device), and mainly the disk thickness has been 
determined primarily from the aspects of storage capacity, 
surface density, and disk production equipment and materials, and 
the like. 

Also, in the prior art, because the pitch (height) of 
attachment of disks with respect to the spindle and the pitch 
(height position) of each head of the corresponding magnetic disk 
device differs between magnetic disk devices that use 5.25 inch 
size disks and magnetic disk devices that use 3.5 inch size 
disks, and it was not possible to perform recording and 
reproduction of 3.5 inch size disks using magnetic disks devices 
for 5.25 inch size disks. 
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Accordingly, the purpose of the present invention is to 
solve the above problems of the prior art, and to provide a 
magnetic disk device that is made such that magnetic disks having 
comparatively small outer diameter (3.5 inch size disks) also can 
be used by a magnetic disk device that is designed for magnetic 
disks having comparatively large outer diameter (5.25 inch size 
disks) when performing recording and reproduction of plural kinds 
of magnetic disks having different outer diameters. 

Another purpose of the present invention is to provide a 
magnetic disk device that can handle magnetic disks having even 
smaller outer diameter using a magnetic disk device in which the 
size of the case was designed for 5.25 inch size disks. 

Yet another purpose of the present invention is to provide a 
magnetic disk device that avoids the occurrence of troubles 
accompanying speeding up of rotation of the magnetic disks by 
making the magnetic disks as lightweight as possible. 

Yet another purpose of the present invention is to provide a 
magnetic disk device in which the storage capacity of various 
magnetic disks having different outer diameters can be made the 
same. 
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(Means for Solving the Problems) 

In order to achieve the above purposes, the magnetic disk 
device of the present invention is constituted such that plural 
kinds of magnetic disks having different diameters but same 
thickness are used as said magnetic disks, all of these plural 
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kinds of magnetic disks are attached at the same pitch (height) 
on the spindle device which drives to rotate the magnetic disks, 
and the magnetic head device is capable of recording and 
reproduction without changing the pitch (height) for any of those 
plural kinds of magnetic disks. 

Specifically, the plural kinds of magnetic disks include 
those having 5.25 inch diameter and those having 3.5 inch 
diameter, and all have thickness set to the same value within a 
range of 1.27mm to less than 1.905mm, and preferably to 1.27mm. 

Also, in order to make it such that these plural kinds of 
magnetic disks have the same storage capacity, the track density 
or the recording density in the track length direction is made 
inverse proportional to the width in the radial direction of the 
data storage area of the magnetic disk. 
(Operation) 

The operation based on the above constitution is explained. 

According to the present invention, by making same the 
thickness of the plural kinds of magnetic disks having different 
diameters, because the pitch (height) of attachment of the 
magnetic disks with respect to the spindle device and the pitch 
(height) of each magnetic head with respect to each magnetic disk 
can be made the same among these plural kinds of magnetic disks, 
it becomes possible to perform recording and reproduction of 
small diameter magnetic disks using a magnetic disk device for 
large diameter magnetic disks. 

Specifically, large diameter disks have standard 5.25 inch 



size outer diameter, small diameter disks have 3.5 inch size 
outer diameter, and the thickness of both is 1.27mm. In the 
past, those having 1.27mm thickness in 3.5 inch size were known, 
but there were only those having 1.905mm thickness in 5.25 inch 
size, and those having 1.27mm thickness were not known. 
Accordingly, in 5.25 inch size, compared with the prior art, the 
thickness is reduced 33% from 1.905mm to 1.27mm, the weight also 
is reduced likewise, and the weight burden on the bearing, the 
inertial moment of rotation, and the gyro moment also are reduced 
by the same percent. Therefore, it becomes possible to speed up 
rotation of the magnetic disks without obstruction. 

Also, if the thickness of the 5.25 inch size magnetic disks 
is made 1.27mm, due to the fact that it becomes the same as the 
1.27mm thickness of the 3.5 inch size magnetic disks presently 
used, it becomes possible to perform manufacturing and processing 
of 5.25 inch size magnetic disks by reusing and also easily 
modifying the processing technology and processing machinery of 
the 3.5 inch size magnetic disks presently used. 

Here, the reason why the thickness is made 1.27mm is 
explained. The surface of the disk must be processed smoothly 
with good precision for the magnetic head to float at an amount 
of float of about 0.2im. In order to process while maintaining 
this surface roughness, a certain extent of disk thickness 
becomes necessary in terms of processing technology and the 
minimum value presently obtainable is 1.27mm. (Accordingly, if 
the processing technology can be improved, the thinner the 
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better.) As the substrate material of the disk, the presently 
used Al and glass are used because of strength, weight, and the 
like . 

Furthermore, because the storage capacity of each kind of 
magnetic disk, for example 3.5 inch size magnetic disk, is made 
the same as the storage capacity of the 5.25 inch size magnetic 
disk, those of 3.5 inch size can be used for recording and 
reproduction of the same quantity of data as the 5.25 inch size. 
(Working Examples) 

Below, working examples of the present invention are 
explained with the drawings. 

Fig. 1 is a perspective view of an outline of the overall 
constitution of the magnetic disk device in one working example 
of the present invention. In the same drawing, a case 1 and a 
cover (omitted in this drawing) which seal the basic constituent 
components from the external atmosphere are supported and fixed 
by a frame 3 via vibration-proof rubber 13. On the base 1, a 
spindle motor 4 for rotating the disks at a constant speed is 
mounted, and on the spindle motor 4, plural disks 8 or 9 or 10 
are stacked around it via spacers for opening a fixed distance 
(in-hub type structure), and they are clamped by a clamp 11 above 
and fixed with a screw. .Here, 8 is a 5 inch (properly 5.25 inch) 
diameter size disk, 

/4 

9 is a 3.5 inch diameter size disk, and 10 is a 2.5 inch diameter 
size disk, and the present working example is made such that 



these various kinds of disks can be attached as substitutes for 
each other. Also, magnetic heads 7 which perform recording and 
reproduction are fixed by adhesive, via a gimbal for controlling 
the posture of those heads in opposition to the floating force 
caused by the rotation of the disks, to one end of an integrated 
carriage (one in which a load arm for causing pressing force for 
causing the heads to float above the magnetic disks at a fixed 
amount of float in opposition to that floating force, a carriage, 
and a coil support part are integrated) 6. The integrated 
carriage 6 is supported by a shaft bearing mechanism so as to be 
capable of rotating and sliding around a pivot shaft 12, and a 
coil 5 is attached to the end of the integrated carriage 6 in a 
position on the side opposite the heads 7. Also, as a feature of 
the present working example, the material of the integrated 
carriage 6 .is formed with aluminum alloy, magnesium alloy, or a 
substance having specific gravity smaller than aluminum, for 
example, resin, or the like. The shaft bearing for performing 
rotational movement around the central axis of rotation of the 
carriage is directly and integrally bonded to the carriage. 
Torque around the pivot shaft 11 <sic: 12> is caused in the coil 
5 by leading current to the coil 5 in a magnetic field which is 
caused by the magnet of a voice coil motor 2, whereby the 
integrated carriage 6 is driven to rotate, and the magnetic heads 
are fixed at a fixed position above the magnetic disks. 

In the integrated carriage 6, a bearing (not illustrated) is 
inserted from straight vertical direction. 
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Now, as a feature of the present working example, if the 
5.25 inch diameter disk 8 which in the past had a thickness of 
1.905mm is changed to 1.27mm, the total weight of the disks can 
be reduced to an amount equivalent to the thickness ratio 
1.27/1.905 = 0.67, 67%. By this weight reduction, (1) the 
service lifetime of the <spindle motor> bearing can be reduced 
33%, (2) the inertial moment of the rotating body also can be 
reduced 33%, and (3) the gyro moment with respect to external and 
automatic vibration also can be reduced 33%, and as effects 
thereof, there are effects such as (1) the lifetime of the 
bearing is extended (because the excess pressure applied to the 
bearing is reduced by the amount of reduction of supported 
weight), (2) the motor rotation startup characteristics are 
improved and the current during motor rotati on is red uced, and 
(3) the vibration-proof and external impact resistance 
characteristics are improved. 

Furthermore, when the rotational speed of the disks 8 is 
speeded up from 3600rpm to 5400rpm, the fact that the thickness 
of the disks is made thinner is particularly effective in 
obtaining the effects of (l)-(3) above. This is because in 
speeding up the rotational speed, making the rotational speed n 
times, although there is no change in the total weight, the 
burden on the bearing is n 2 times (F = mrw 2 ) , the gyro moment is 
n times (J = low) , and while simple comparison of the motor 
characteristics is difficult, the startup time is increased n 
times by the increase of rotational speed (here, w = 2dn) . 
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It goes without saying that these effects are similarly 
obtained by changing the 5.25 inch size disks 8 to 3.5 inch size 
disks 9 or 2.5 inch size disks 10 or disks having smaller size. 

When the disks 8 are made thinner, the displacement in the 
perpendicular direction to the disk surfaces can be reduced by 
weakening the clamping force of the clamp 11. As for the 
clamping force of the clamp 11, because the weight is made 
lighter by making the disks 8 thinner, the clamping force should 
be made weaker such that there is no decrease of impact 
resistance and vibration-proof characteristics. 

Because making the disks 8 thinner is not related to the 
storage capacity per surface of the disks 8, the storage capacity 
is not decreased by making them thinner. 

Furthermore, when the disks 8 are made thinner, because the 
total stacked dimension of the disks 8 is reduced, the component 
packaging space is enlarged above and below. As a result, 
because the thicknesses of the base 1 and the cover (not 
illustrated) can be enlarged to increase the rigidity, the 
resonance point of the motor shaft vibration and the carriage 
shaft vibration can be raised. 

Fig. 2 and Fig. 3 show sectional views of the device in Fig. 
1, and here, the state in which the cover 14 is attached to the 
base 1 is shown. Fig. 2 and Fig. 3 shows the relationships of 
the packaging dimensions when the disk thickness is t = 1.27mm 
and t = 1.905, respectively. Because the relationship tl < t2 is 
established concerning disk thicknesses tl and t2, and because LI 
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= L2 concerning disk distances Ll and L2, in regard to the total 
packaging dimensions HI and H2 
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of the device, the relationship HI < H2 by the amount of (t2 - 
tl) x 8 is established, and the packaging dimensions can be 
reduced. Ll and L2 both can be set for example to 4.2mm or less 
than that. 

The sealed case is constituted by the base 1 and the cover 
14, and the two are divided near the center of height la and 14a, 
and the divided part is formed in a bowl shape having a wall, 
whereby it works to improve the rigidity of the case (cover and 
base) against compression and torsion, to improve the rigidity of 
support of the spindle shaft 4 and the carriage shaft 11 <sic: 
12>, and to raise the resonance point. 

Fig. 4 and Fig. 5 show the dimensions of 5.25 inch size 
disks. Fig. 4 shows the one used in the present working example 
which has 1.27mm thickness, and Fig. 5 shows the example of the 
past which has 1.905mm thickness. The disk thickness 1.27mm is 
the standard value of the disk thickness of the 3.5 inch disk, 
and by making it the same thickness as the 3.5 inch disk, 
securing of processing machinery and materials is made easy. 
Also, by this, it can be made such that recording and 
reproduction are performed by attaching 3.5 inch disks using a 
magnetic disk device designed for 5.25 inch disks without 
changing the height (pitch between each disk) of the plural disks 
attached on the spindle and without changing the height (pitch) 
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of each magnetic head corresponding to each disk. In this case, 
between 5.25 inch disks and 3.5 inch disks, those having 
substantially the same inner diameter (diameter of the center 
hole) are used, but a spindle that is capable of attaching even 
when the inner diameters of the two disks are different must be 
used . 

/] When 3.5 inch disks are used with a case (base and cover) 
for 5 inch, there are such advantages as that (1) the 3.5 inch 
disks are cheaper than 5.25 inch; (2) when 3.5 inch disks are 
packaged, the size of the HDA overall can be made smaller, the 
PCB packaging dimensions can be made larger, and the HDA Sway 
space can be made larger; and (3) the disk diameter becomes 
smaller such that the weight/inertial moment and gyro moment 
received by the motor bearing become smaller. 

Fig. 7 is a measurement drawing showing the data zone of a 
5.25 inch magnetic disk, and Fig. 8 is a measurement drawing 
showing the data zone of a 3.5 inch magnetic disk. In the two 
drawings, 15 is the data zone (recording area), 8 is the 5.25 
inch magnetic disk, 9 is the 3.5 inch magnetic disk, and the unit 
of measure is mm. 

In order to make it such that 3.5 inch disks can be used in 
place of 5 inch size disks, the storage capacity of the two disks 
should be made the same. For this, the width in the radial 
direction of the data zone (data recording area) of the 5 inch 
size disk is 30mm, and the width in the radial direction of the 
data zone of the 3.5 inch size disk is 20mm, and because the 
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ratio becomes 2/3, if the BPI (recording density in the linear 
direction: bits/inch) is made the same, the TPI (track density in 
the radial direction: tracks/inch) should be made 3/2 = 1.5 
times. Or, if the TPI is made the same, the BPI should be 
increased by 3/2 = 1.5 times. 

Fig. 9 is a graph plotting weight over disk thickness in the 
cases of one 5.25 inch size disk having 130mm outer diameter and 
40mm inner diameter and one 3.5 inch size disk having 95mm outer 
diameter and 24mm inner diameter, respectively, and the 5.25 inch 
size disk becomes 61. 8g when the thickness t is 1.905mm and 41. 2g 
when t is 1.27mm, becoming 67% of the weight, and it is clear 
that 33% weight reduction can be accomplished. Also, at the same 
disk thickness 1.27mm, if the 3.5 inch size disk is 22. 6g, it 
becomes about half the weight compared with the 41. 2g of the 5.25 
inch size disk. Fig. 10 is a plot of disk total weight over disk 
thickness in the cases of 8 and 10 5.25 inch size disks having 
130mm outer diameter and 40mm inner diameter and the cases of 8 
or 10 3.5 inch size disks having 95mm outer diameter and 25mm 
inner diameter. From these graphs, it is clear that the total 
weight of 8 stacked 5.25 inch size disks having thickness t = 
1.905mm is greater than the total weight of 10 stacked disks 
having thickness t = 1.27mm. The same can be said also for 3.5 
inch size disks and 2.5 inch size disks. 

Below, the functional characteristics according to the above 
working example are summed up. 

By making the thickness of the magnetic disk thinner 
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from 1.905mm to 1.27mm: 

(1) As shown in Fig. 9, because the total weight of the disks is 
reduced to about 67% from 61. 8g to 41. 2g per disk, if compared 
with 8 disks, it can be lightened from 494g to 330g, and there is 
the effect that the lifetime of the motor bearing which supports 
this weight also can be made longer proportionally. 

(2) As shown in Fig. 10, compared with the 494g total weight of 8 
disks having t = 1.905, since it is the same as the total weight 
of 12 disks having t = 1.27, if the number of packaged disks 
having t = 1.27mm is made greater than 8 and less than 12 within 
the allowable range of packaging dimensions, there is the effect 
that the total storage capacity can be increased without changing 
the rotation startup characteristics, the rotational 
characteristics, the bearing lifetime, and the like. 

(3) Because the total weight of the disks can be lightened to 
about 67%, there are the effects that the external vibration- 
proof /external impact resistance characteristics are improved 
33%, and the startup characteristics during rotation startup also 
are improved 33% by the amount that the inertial moment of the 
rotating body is lightened because the startup torque does not 
change, or, even if the startup characteristics are not changed, 
the startup current can be reduced 33%. 

(4) By the fact that the thickness dimension of the disk is 
reduced from t = 1.905mm to t = 1.27mm, when 8 disks are 
packaged, total 5.08mm, the packaging height dimension comes to 
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be reduced, the height of the device dimensions is reduced, and 
there is the effect that (1) PCB (Package Boa<r>d: circuit board) 
packaging and (2) assurance of Sway Space of the HDA (Head Disk 
Assembly) due to vibration/impact (gap for HDA not to contact 
with other components when vibrating) are possible. 

(5) In relation to the above (4), because the height dimension of 
the carriage also is reduced to about 90% from 55mm to 49mm 
proportional to the reduction of the disk packaging height 
dimension, it is also reduced to 90% in weight, the resonance 
frequency of the shaft system which supports the carriage is 
improved by 5.6%, and the gain of the open loop characteristics 
also can be improved by 0.47dB. As a result, there is the effect 
that the vibration during settling and during following can be 
checked. 

(6) The relationships with centrifugal force and gyro moment 
received by the bearing accompanying speedup of rotation become 
as in the tables: 

(Centrifugal Force Ratio: mrw 2 ) 



Rotational Speed rpm 


3600 


4800 


5400 


6000 


t 1.905 x 8 disks 


1 


1.78 


2.25 


2.78 


t 1.27 x 7 disks 


0. 667 


1.19 


1.5 


1.85 


(Gyro Moment) 










Rotational Speed rpm 


3600 


4800 


5400 


6000 


J: Inertial Moment 


0.833 


0.833 


0. 833 


0.83 


W: Angular Velocity of 


1 


1.33 


1.5 


1. 67 



Rotation 
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6: Angular Velocity of 1 1 1 1 

External Disturbance 
JW6 0.833 1.108 1.27 1.39 

and by making the disks thinner, there is the effect that the 
centrifugal force and the gyro moment both can be controlled to 
67%. 

(Effect of the Invention) 

As explained in detail above, according to the present 
invention, because the thickness of plural kinds of magnetic 
disks having different diameters is made the same, it becomes 
possible to handle small diameter magnetic disks with a device 
for large diameter magnetic disks by making the pitch of 
attachment of those magnetic disks on the spindle and the pitch 
of the magnetic heads the same among the various kinds of disks. 

Also, in the case of 5.25 inch size magnetic disks, because 
their thickness is made 1.27mm which is the same as the thickness 
of the 3.5 inch size magnetic disks, the weight is reduced by 33% 
compared with those being 1.905 of the past, as a result of which 
the lifetime of the bearing, the motor rotation startup 
characteristics, reduction of the current value during startup, 
and the vibration-proof /external impact resistance 
characteristics can be improved without decreasing the storage 
capacity, increase of centrifugal force/gyro moment accompanying 
high-speed rotation can be avoided, and increase of vibration, 
and the like, can be suppressed. 
4. Brief Explanation of the Drawings 
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Fig. 1 is a perspective view showing the overall 
constitution of one working example of the present invention, 
Fig. 2 is a sectional view of the magnetic disk device in which 
magnetic disks having 1.27mm thickness are mounted, Fig. 3 is a 
sectional view of the magnetic disk device in which magnetic 
disks having 1.905mm thickness are mounted, Fig. 4 is a 
perspective view of a thin type 

11 

5.25 inch magnetic disk having 1.27mm thickness, Fig. 5 is a 
perspective view of a standard 5.25 inch magnetic disk having 
1.905mm thickness, Fig. 6 is a perspective view of a standard 2.5 
inch magnetic disk having 1mm thickness, Fig. 7 is a measurement 
drawing showing the data zone of a 5.25 inch magnetic disk, Fig. 
8 is a measurement drawing showing the data zone of a 3.5 inch 
magnetic disk, Fig. 9 is a graph showing the relationship of 
weight over disk thickness between a 5.25 inch aluminum magnetic 
disk and a 3.5 inch aluminum magnetic disk, and Fig. 10 is a 
graph showing the relationship of disk thickness over total 
weight when 8 or 10 disks are mounted between 5.25 inch aluminum 
magnetic disks and 3.5 inch aluminum magnetic disks. 

1: Base, 2: Voice coil motor, 3: Frame, 4: Spindle motor, 5: 
Coil, 6: Integrated carriage, 7: Magnetic head, 8: 5.25 size 
magnetic disk, 9: 3.5 inch size magnetic disk, 10: 2.5 inch size 
magnetic disk, 11: Disk clamp, 12: Pivot shaft, 13: Vibration- 
proof rubber, 14: Cover, 15: Data zone (Recording area). 

Agent Attorney Kenjiro Take (1 other) 
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FIGURE 1. 




FIGURES 2-6. 
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FIGURES 7 and 9. 
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<vertical> Weight (g) 
<horizontal> Disk thickness (mm) 
5.25 inch size 
3.5 inch size 
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FIGURES 8 and 10. 




<vertical> Total weight of disks (g) 
<horizontal> Disk thickness (mm) 
5.25 inch size 10 disks 
5.25 inch size 8 disks 
3.5 inch size 10 disks 
3.5 inch size 8 disks 
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